Purpose Delirium is a common neurocognitive complication in cancer. Despite this, the studies examining the trajectory of the severity of delirium symptoms and its impact on health outcome in gastric cancer is rather limited. This study examined the trajectory of delirium symptom severity (DSS) following resection surgery for gastric cancer and its prospective association with cognitive function. Methods A three-wave prospective observational study was conducted with 242 gastric cancer patients admitted for resection surgery at a teaching hospital in South Korea from May 2016 to November 2017. DSS was assessed by the clinical staff before and 1, 2, 3, and 7 days after surgery using the Delirium Rating Scale-Revised-98. A survey including the Functional Assessment of Cancer Therapy-Cognitive Scale (FACT-Cog) and Mini-Mental State Examination (MMSE) was administered before surgery (T0), 7 days after (T1), and 3 to 6 months after surgery (T2). Results Out of 242 participants, 48.8% (118) completed the survey at all three time points, 43.4% (105) did so for two time points, and 7.9% (19) for one time point. No cases of full delirium were observed over four postoperative time points. Latent growth curve modeling analyses indicated that DSS declined over 3 days after surgery. Age and anesthesia time were positively associated with the initial level of DSS. A medication history for memory complaints was related to a slower recovery from delirium symptoms. While the use of propofol as an anesthetic agent was associated with lower initial DSS, it predicted a slower recovery from DSS. A higher initial DSS predicted a lower T1 MMSE score. Conclusions Severity of postoperative delirium symptoms predicts a short-term and objective cognitive function post-surgery. Monitoring and timely treatment of postoperative delirium symptoms is needed to diminish cognitive consequences in gastric cancer patients.
Introduction
Delirium is a common neurocognitive complication in cancer patients [1] , causing considerable distress to them and their family/caregivers [2] . It is associated with increased mortality [3] , prolonged hospital stay [3, 4] , higher need for convalescence or long-term care, and worse functioning after surgery [4] .
Moreover, delirium is related to cognitive function, and a systematic review suggested a link between delirium and a high risk of long-term cognitive impairment [5] . In fact, a longer duration of delirium was an independent predictor of worse cognitive functioning at the 3-and 12-month follow-up in medical intensive care unit patients [6] . Similarly, delirium during the acute phase of hematopoietic cell transplant (HCT) was related to perceived neurocognitive dysfunction as well as low health-related quality of life at 6 months and 1 year [7] . In addition to worse cognitive functioning, a delirium episode during the acute phase of myeloablative HCT was also related to decreased mental health, increased anxiety, fatigue, and cancer-and treatment-related distress symptoms at 80 days after transplantation [8] .
Despite the significant impact of delirium symptoms on patient-reported outcomes, prospective studies to examine the longitudinal trajectory of the severity of delirium symptoms and its consequences in patients with cancer, particularly patients with gastric cancer, are rather limited. Gastric cancer is the fifth most frequently diagnosed cancer worldwide with more than 1,000,000 new cases in 2018, and its incidence is particularly elevated in Eastern Asia, with the highest rates observed in South Korea with age-standardized incidence rates of 32.1 for males and 13.2 for females [9] .
With improved gastric cancer survival rates observed worldwide, there is increasing concern about the long-term impact of treatment-related symptoms such as delirium on health-related outcomes such as cognitive function. In fact, a decline in cognitive functioning was one of the representative and unrecovered problems after 1 year post-surgery in a longitudinal study with 465 patients who received gastrectomy [10] , which warrants clinical attention. Thus, the purpose of this study was to explore the trajectory of the severity of delirium symptoms over 3 days following surgery as well as its potential association with objective and subjective cognitive function 3 to 6 months after surgery in a prospective observational study with gastric cancer patients.
Methods

Participants and procedures
The participants consisted of gastric cancer patients admitted for curative resection surgery at the surgery department of a teaching hospital in Seoul, South Korea, from May 2016 to November 2017. Research nurses explained the purpose and procedures of the study to eligible patients on the day of admission. Upon obtaining informed consent, trained research nurses or psychiatrists assessed delirium symptoms using the Delirium Rating Scale Revised-98 (before and 1, 2, 3, and 7 days after surgery). A survey that included the FACTCognitive Scale, the Min-Mental State Examination, and the Hospital Anxiety and Depression Scale was also administered before (T0), 7 days after surgery (T1), and 3 to 6 months after surgery (T2).
Out of 357 eligible patients, 84 patients declined study participation. Seventeen patients (3 with gastrointestinal stromal tumor, 11 with palliative surgery, 2 with delayed surgery, and 1 with refusal to surgery) were excluded, resulting in a total of 256 participants enrolled at baseline. Data from 14 patients (1 with preoperative delirium; 8 whose MMSE score was ≤ 19, indicative of possible dementia [11] ; and 5 whose delirium data were missing) were further excluded, resulting in 242 patients included in analyses.
This study was approved by the Institutional Review Board of the Seoul National University Hospital (IRB No. H-1505-045-671).
Measures
Delirium symptom severity was assessed via the 13-item severity scale from the Delirium Rating Scale-Revised-98 (DRS-R-98) [12] . Severity was assessed by parameters such as sleep-wake cycle disturbances, perceptions and hallucinations, delusions, lability of affect, language, thought processing abnormalities, motor agitation or retardation, orientation, attention, and short-and long-term memory. Clinicians rated symptoms on a 4-point scale (0-3), and the scores ranged from 0 to 39, with higher scores indicating greater severity. Severity scores of 8-14 were considered to be subsyndromal delirium and the scores of over 15 as full delirium [13] . The Cronbach's alpha of the DRS-R-98 severity scale was 0.87 [12] .
Subjective cognitive function was assessed by the FACTCognitive Scale (FACT-Cog) [14] . The FACT-Cog (Version 3) is a 37-item self-report measure of cognitive complaints in cancer patients and composed of 4 subscales: perceived cognitive impairments (20 items, CogPCI), impact of perceived cognitive impairments on quality of life (4 items, CogQOL), comments from others (4 items, CogOth), and perceived cognitive abilities (9 items, CogPCA). Responders rate each item on a 5-point Likert scale referring to the past 7 days (frequency rating for the subscales of CogPCI and CogOth: 0 = Bnevert o 4 = Bseveral times a day^; severity rating for the subscales of CogQOL and CogPCA: 0 = Bnot at all^to 4 = Bvery much^). The subscale scores are calculated by summing up the items in the respective domain (two items from CogPCI and two from CogPCA are not to be scored), with higher scores corresponding to a higher level of the respective domain. The Cronbach's alpha of the Korean version of the FACT-Cog are 0.92 (CogPCA), 0.95 (CogPCI), 0.84 (CogOth), and 0.87 (CogQOL) [15] .
Objective cognitive function was assessed by the Korean version of the Mini-Mental State Examination (MMSE-K) [11] . The MMSE is a brief measure of overall cognitive function with 11 items evaluating orientation, memory registration and recall, attention and calculation, language, and visual construction [16] . A cutoff score of 23 out of 30 is indicative of cognitive function problems [11] .
Anxiety and depression were evaluated by the respective 7-item subscales from the Hospital anxiety and depression scale (HADS) [17] . Patients rate each item on a 4-point Likert scale (0-3) referring to the past week. The score of each subscale ranges from 0 to 21. The Cronbach's alpha of the Korean version of the HADS was 0.89 for anxiety and 0.86 for the depression subscale [17] .
Clinical characteristics were retrieved from electronic medical charts and operation and anesthesia records. Comorbidities were scored by the ICD-10 version of the Charlson comorbidity index (CCI) [18] . CCI was calculated excluding age as it was examined separately in analyses.
Statistical analyses Chi-square analysis was conducted to examine sociodemographic and clinical characteristics of the study participants. Pearson correlation analyses were performed to identify factors associated with the scores of the FACT-Cog subscales and the MMSE, and significant variables (supplementary Table 1 ) were entered as covariates in the latent growth curve model analysis (LGM).
LGM was conducted to examine factors associated with the initial level (i.e., postoperative day 1: POD1) and rates of change in DSS (i.e., changes from POD 1 to POD3), and its potential association with cognitive function. LGM allows examination of both intra-individual changes over time and the inter-individual differences in intra-individual changes as well as investigation of antecedents and consequences of change [19] . First, an unconditional LGM examining the intercept (i.e., an initial level of DSS) and the slope (i.e., linear change in DSS) was performed. Second, the conditional LGM was run to examine the relationships of the initial level and rates of change in DSS with the socio-demographic and clinical variables, as well as the impact of the intercept and slope of DSS on T1 and T2 cognitive functions. The goodness of fit of the model was evaluated with the following criteria: Chisquare statistics, a Chi-square to degrees of freedom ratio of less than 2 or 3 [20] , Comparative Fit Index (CFI: > .90), Tucker-Lewis Index (TLI: > .90), and root mean squared error of approximation (RMSEA: < .08 with a 90% confidence interval) [21] . The robust maximum likelihood estimator was used to account for the non-normal delirium data. Missing data was handled with full information as maximum likelihood under the missing-at-random assumption. IBM SPSS version 23 for Windows and AMOS 23 were used for the statistical analyses.
Results
Participants' characteristics across time points
Participants' characteristics are shown in Table 1 No cases of full delirium were observed over four time points. Twenty-two patients (9.1%) at postoperative day (POD) 1, 9 patients (3.7%) at POD2, 7 patients at POD3 (2.9%), and 5 patients (2.1%) at POD7 had subsyndromal delirium as determined by the DRS-R-98 severity subscale scores.
Initial level and rates of change of the DSS during the first 3 days after surgery
The unconditional LGM examining the intercept (i.e., at POD1) and slope of DSS (changes from POD1 to POD3) was analyzed. The results indicated good fitness of the model to the data (X 2 = 5.14, df = 3, p = .16, X 2 /df = 1.71, CFI = .99 TLI = .98, RMSEA = .05 with 90% CI .00-.13). The estimated mean value of the intercept was 4.52 (SE = .14, p < .001) and that of the slope was − .91 (SE = .08, p < .001), indicating a significant decrease of DSS over 3 postoperative days. The variances of the intercept and slope were significant (intercept, variance = 3.65, SE = .45, p < .001; slope, variance = .71, SE = .15, p < .001), indicating individual differences in the initial level and rates of change of DSS. The covariance between the intercept and slope was negatively related (b = − .60, p < .01), indicating that a higher initial level of DSS is associated with its slower decrease over time.
Factors associated with the trajectory of the DSS
Sociodemographic and clinical factors that were associated with the initial level and rate of change of DSS are shown in Table 2 . Indices of goodness of fit for all significant and marginally significant variables were in the acceptable range, even though the upper value of 90% CI was over .10 which could be due to the small degrees of freedom [22] . Age and anesthesia time were positively related to an initial level of DSS. A medication history for memory complaints was related to a slower recovery from delirium symptoms. In addition, while use of propofol as the main anesthetic was associated with a lower initial DSS, it predicted a slower recovery from delirium symptoms.
Although a laparoscopic surgery was related to a higher initial DSS with marginal significance (b = .65, SE = .36, t = 1.80, p = .07), it was related to a faster recovery (b = − .38, SE = .20, t = − 1.89, p = .06). Subtotal or partial gastrectomy was related to a lower initial level of DSS (b = − .62, SE = .33, t = − 1.88, p = .06). In addition, depression was associated with a higher initial DSS (b = .07, SE = .04, t = 1.79, p = .07), and the number of family members was related to a faster recovery (b = − .12, SE = .06, t = − 1.86, p = .06).
A potential association between a trajectory of DSS and cognitive function A potential association of the trajectory of postoperative DSS with the scores of the MMSE and the FACT-Cog subscales at T1 and T2 were examined.
As for the objective cognitive function, the intercept predicted T1 MMSE (b = − .30, SE = .08, p < .001), indicating higher initial DSS predicting lower MMSE scores at T1 (X 2 = 45.19, df = 28, p < .01, X 2 /df = 1.61, CFI = .96, TLI = .92, RMSEA = .05 with 90% CI .02-.08), and its predictive ability remained significant even after controlling for preoperative MMSE scores (b = − .19, SE = .07, p < .01) (Fig. 1) .
As for subjective cognitive function, the slope (b = − 1.86, SE = .86, p < .05) predicted the CogPCI subscale scores at T2, indicating faster recovery from delirium symptoms predicting higher T2 PCI (X 2 = 52.88, df = 25, p = .001, X 2 /df = 2.16, CFI = .93, TLI = .84, RMSEA = .07 with 90% CI .04-.09). However, on controlling for its preoperative scores, it became non-significant (b = − 1.27, SE = .80, p = .11) (Fig. 2) .
Discussion
This study examined the trajectory of DSS over 3 days after surgery, and its association with objective and subjective cognitive function at 7 days (T1) and 3 to 6 months after surgery (T2) in patients with gastric cancer.
DSS declined significantly over the 3 postoperative days. The overall DSS level in patients with gastric cancer was not high. Delirium is more common in the advanced or terminal stage of cancer [1] , and the fact that our participants were at a relatively early stage receiving curative surgery might explain the low level of DSS. In fact, a previous finding from a Japanese study with elderly patients with gastric cancer indicated that surgery-related complications such as delirium were not common even in elderly patients at the early stage of gastric cancer, with only four out of 141 patients experiencing delirium [23] . However, previous studies suggest that even features of subsyndromal delirium are significantly related to prolonged hospital stays and worsened functional status [4] or worse cognitive outcomes [24] , warranting clinical attention. The longitudinal trajectory of DSS was associated with a few socio-demographic and clinical factors. Age [25, 26] and anesthesia time were positively associated with the initial DSS. A probable association between time of anesthesia and the DSS has been suggested. In a study with esophageal cancer patients, the occurrence of postoperative delirium was not significantly associated with the duration of anesthesia, but the duration of anesthesia was longer in patients with delirium than in those without, with a marginal significance [25] .
Furthermore, a medication history for memory complaints was related to a slower recovery from delirium symptoms, which is understandable with decline in memory being one of the symptoms of delirium [12] . A similar association between preoperative subjective memory complaints and an increased risk of postoperative delirium was previously noted [27] .
In addition, while the use of propofol as the main anesthetics was associated with a lower initial DSS, it predicted a slower recovery from delirium symptoms. A previous study with elderly patients receiving laparoscopic surgery indicated that patients on propofol scored higher on the delirium rating scale at postoperative days 2 and 3 than those on sevoflurane anesthesia, whereas the incidence of postoperative delirium during the first 3 days showed no significant intra-group differences [28] . Related to this, early postoperative cognitive dysfunction was higher with propofol as compared with desflurane in patients receiving coronary artery bypass surgery [29] although this association was no longer observed at 3 months after surgery. Yet, previous studies show discrepant results regarding the association between propofol and delirium depending on the studied population or treatment or other clinical characteristics, warranting caution in its interpretation and further investigation into the issue.
Higher initial DSS predicted lower MMSE scores indicative of objective cognitive function at 7 days after surgery even after controlling for its preoperative scores, but not at 3 to 6 months after surgery, consistent with a significant association between postoperative delirium and postoperative cognitive decline assessed by the MMSE, observed in elderly patients with gastric cancer [30] . Similarly, a postoperative delirium was associated with a more pronounced decline in the MMSE scores immediately after cardiac surgery, but the differences of MMSE scores between elderly patients with and without delirium episodes were not seen at 6 and 12 months after surgery [31] . Yet, a delayed recovery of preoperative cognitive functioning was observed in patients with delirium not recovering their previous functions by 1 year after surgery compared to those without delirium recovering their previous level by about 1 month after surgery [31] .
As for a subjective cognitive function, the rates of change of DSS predicted a perceived cognitive impairment at 3 to 6 months after surgery, although it became non-significant on controlling for its preoperative level. A prior study comparing perceived cognitive impairments using the same FACT-Cog between survivors of critical illness and their family member controls found no significant differences in FACT-Cog subscale scores 3 and 6 months after discharge [32] .
Related to this, a prior study with patients from a cancer rehabilitation unit found a weak association between subjective and objective assessments of cognitive functioning. This was explained by significant associations of emotional status with subjective cognitive functioning versus only weak associations with objective ones [33] . This was also observed in the current study and HADS anxiety and depression scores were correlated to most of the FACT-Cog subscale scores, but only depression was related to the MMSE scores at T1. Significant associations of DSS with objective cognitive function but not with subjective ones found in this study might suggest these varying degrees of influences of various factors on cognitive function. This study has several limitations. Above all, the use of the MMSE as a measure of objective cognitive function might be insufficient to capture subtle cancer treatment-related cognitive deficits, and detailed formal assessment is needed. In addition, the follow-up period was relatively short, and an extended period of follow-up is needed to examine a longterm impact of DSS.
Although postoperative DSS declined after surgery, it predicted worse objective cognitive function 7 days after surgery, warranting the need for monitoring and timely treatment of delirium symptoms following surgery to diminish cognitive consequences. Evidence suggests pharmacological and nonpharmacological interventions for delirium. Evidence for pharmacological interventions for delirium is limited. Although a 2012 review of evidence-based treatment of delirium in patients with cancer recommended the short-term and low-dose use of antipsychotics in treating delirium symptoms with careful monitoring for possible side effects, particularly for older patients with multiple medical comorbidities [34] , more recent systematic review and meta-analysis found no significant effect of antipsychotics in the prevention or treatment of delirium [35, 36] . Moreover, despite evidence of the limited effectiveness of non-pharmacological interventions for delirium in patients with cancer [37] , another systematic review [38] and a metaanalysis [39] indicate that multi-component non-pharmacological interventions are effective in reducing the incidence of delirium. Related to this, the current study observed a marginally significant association between a number of family members and a faster recovery from DSS. The benefit of family support on delirium prevention was suggested, and the multicomponent intervention delivered by family members which includes re-orientation of the patient or extended visiting time, reduced the incidence of delirium in elderly medical inpatients at intermediate and high risk of delirium [40] .
Moreover, although marginally significant, depression was linked to a higher initial DSS, which is consistent with a prior finding with geriatric surgical patients linking occurrence and a longer duration of postoperative delirium to a greater number of preoperative depressive symptoms [41] . Given that delirium and depression can be comorbid, and lability of affect is also a symptoms of delirium [42] , screening for depression is warranted.
To conclude, monitoring patients at heightened risk of initial DSS (i.e., older age and longer anesthesia time) and its delayed recovery (i.e., a history of medication for memory complaints and the use of propofol as an anesthetic agent) is warranted in the perioperative care of patients with gastric cancer. 
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